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INTRODUCTION. 


During the past four years, in connection with other pathological 
problems in the forest, the writer has made an extensive survey of 
the damage to forest growth by some of the mistletoes of coniferous 
trees. These parasites are very widely distributed in the forest 
regions of the Northwest, and occur in such abundance in many 
localities as to assume a very serious aspect in relation to many 
forest problems. The extent and nature of the injury done vary 
greatly with the forest type, the topography, and, in some respects, 
with the chmate. This is well shown in the regions in which investi- 
gations are now being conducted. In the dense part of many forest 
regions, as in the vicinity of the great lakes of Idaho, mistletoe does 
but little damage. However, in the more open stands bordering on 
the lakes or along the edge of the valleys of the Priest and Pend 
Oreille Rivers mistletoe occurs so abundantly on the various conifers 
as to interfere seriously with the development of some of the more 
valuable timber trees. About the shores of Lake Coeur d’Alene, 


1 The writer wishes to express his thanks to Mr. J. F. Pernot, without whose assistance 
the analysis of the trees would have beer difficult, and to Mr, E. E. Hubert for assistance 
in the tabulations. 
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along the Spokane River Valley, and extending to the south into 
the Blue Mountains of Washington and Oregon the mistletoes are 
very abundant, especially on lodgepole pine (Pinus contorta), yellow 
pine (Pinus ponderosa), western larch (Larix occidentalis), and 
Douglas fir (Pseudotsuga taxifolia). In many localities the trees 
rapidly yield to the suppressing effects of these parasites, causing 
an open, ragged growth of the crowns, with the production of many 
brooms. The prevalence of a particular species of mistletoe varies 
greatly in the same general region. To illustrate: Along the hills 
fronting on the Pend Oreille River, Idaho, the lodgepole and yellow 
pine stands are heavily infected. Passing up the Priest River Valley, 
another mistletoe species appears, working considerable injury to the 
larch, whereas the same tree, wherever it occurs along the Pend 
Oreille River, is seldom infected. The yellow pine farther up in 
the Priest River Valley is not seriously attacked. In the Granite 
Creek drainage area and beyond the mountains to Sullivan Lake, in 
the Metaline Falls region of Washington, the larch is again very 
seriously infected, whereas this mistietoe seldom occurs on the divide 
between these points. The western hemlock (7Z'suga heterophylla) 
in the forests of northern Idaho is practically free from mistletoe, 
as far as the observations have been carried. In a few of the more 
open valleys several collections of mistletoe have been made from this 
tree. At many points in Washington and British Columbia where 
the writer has had an opportunity to collect, the mistletoe on the 
hemlock seems more abundant. Numerous collections of mistletoes 
are at hand from many of the forests of southern Montana, and 
likewise from the northern part of that State and from central Idaho. 
A trip through Oregon, Washington, and British Columbia during 
1913 yielded much information on the occurrence of mistletoes in 
those localities, so that it will soon be possible, with the additional 
data now (1915) being collected, to give a fairly detailed statement of 
the range of these parasites in the principal forest regions of the 
Northwest. 

In order to obtain reliable figures on the damage to forest growth 
by these plants, special studies of a directly practical nature are now 
being conducted in several of the most important forests of the 
regions indicated. It is believed that the results from these studies 
will be applicable to all the forest areas of the Northwest where 
trees of the same species are found infected by the same mistletoe. 
At the same time, work of an experimental nature, both in the field 
and in the laboratory, is adding to our knowledge of these parasites. 
This work is being continued, as having a practical bearing on the 
mistletoe problem, and will be reported upon as time and occasion 
permit. ; 
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THE LARCH MISTLETOE. 


This bulletin deals in the main with the immediate practical results 
of an investigation of the injurious effects of the larch mistletoe on its 
host in the Blue Mountain region of Oregon and serves to introduce 
one of a series of studies on the mistletoes of coniferous trees in 
general. The larch mistletoe (fig. 1), originally named Pazoumof- 
skya douglasii laricis by Piper? and given as a subspecies of the 
Douglas-fir mistletoe, has recently been raised by the same writer” 
to the rank of a full species under the following name and description : 

Razoumofskya laricis Piper. Pistillate plants olivaceous. clustered, 5-8 cm. 
long, branched; joints 1.5-2 mm. thick, sharply 4 angled; staminate swollen, 
yellow, the flowers in short spikes; lobes ovate, acute; fruit oblong, acutish, 
bluish, 4 mm. long. Common on Larix occidentalis. 

The investigation 
was begun in the Whit- 
man National Forest, 
Oreg. For some time 
the general and grad- 
ual deterioration of the 
western larch had been 
reported as occurring 
throughout the entire 
Blue Mountain region. 
The writer was not 
aware of the great 
prevalence of the larch 
mistletoe in this region 
until his visit there 
durinoc the “early. 
spring of 19138, From 
a2) preliminary survey it I'1g. 1.—Staminate plants of Razoumofskya laricis. Note 
soon developed that the hypertrophy of the branch. 
the primary cause of the deterioration of the larch resulted from the 
suppressing effects of mistletoe. A probable secondary factor on 
some of the more exposed sites seemed to be certain climatic influences 
unfavorable to the host but promoting the better development and 
spread of the parasite. | 


THE FOREST. 


The Blue Mountains, in which further studies of the mistletoes are 
in progress, are well covered with forests. The yellow pine pre- 


1 Piper, ©. V. Flora of the State of Washington. U. S. Nat. Mus., Contrib. Nat. 
Herbarium, v. 11, p. 222. 1906. 

2 Piper, C. V., and Beattie, R. K. Flora of Southeastern Washington and Adjacent 
Idaho, p. 80. Lancaster, Pa., 1914. 
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dominates as the principal tree on all the drier slopes and bench 
lands. This gives an open character to the forest and is of some 
significance as regards the growth of mistletoe on the larch wherever 
this tree is associated with the yellow pine. On the lower eleva- 
tions the yellow pine often occurs in pure parklike stands, with a 
ground cover quite characteristic of the typical yellow-pine forma- 
tion, usually indicated by the absence of any great amount of forest 
litter and by the uniformity and the small number of species of her- 
baceous and shrubhke plants. On the south slopes and low, dry 
ridges, where the stand is very open, the yellow pine is quite gener- 
ally infected with its particular mistletoe, working great injury to 
the tree. At higher elevations in more moist situations, or even at 
the same level on protected parts of the typical stand, the yellow 
pine becomes mixed with larch, Douglas fir, white fir, and lodge- 
pole pine. The yellow pine gives way to greater percentages of 
larch, Douglas fir, and lodgepole pine on the north and east slopes. 
The two last-named species support large quantities of their respec- 
tive mistletoes wherever the conditions are favorable for the devel- 
opment of these parasites. The larch predominates in many north- 
slope stands, especially in the more open situations. Other forest 
types in which the larch occurs above 6,500 feet or more are of little 
importance in this connection, since the species of the types at this 
elevation are not as seriously infected by mistletoe as those on north 
slopes of 5,000 feet altitude and less. 

The influence of drainage, slope, and the general moisture condi- 
tions of the soil on the distribution and vigor of the western larch 
is well shown in the region studied and is likewise reflected in the 
prevalence and distribution of its principal parasite. Owing to the 
general prevailing dryness of the region, the maximum development 
of the larch is attained in moist draws or in fertile valleys not par- 
allel with the direction of the prevailing winds. In such situations 
the tree is usually quite free from mistletoe, and uninfected trees 
often attain a diameter, breast high, of 60 inches or more. A full 
crown composed of the original branches is retained until late in life, 
the tree showing few defects except an occasional root-rot or a dead 
top occasioned by agents other than mistletoe. These situations are 
more favorable to the development of the host than to the mistletoe 
occasionally found upon it and must be considered the best sites for 
growing larch in these regions. On the drier slopes and benches, 
where the larch is associated more with yellow pine, the influence 
of the site on the vigor of the mistletoe is at once expressed by its 
oreater abundance and its effects on its host, causing smaller diame- 
ters and thinner crowns on the infected trees. Occasionally trees in 
exactly similar situations for some reason escape the ravages of the 
mistletoe and attain a size of considerable proportions. The full 
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crown and degree of vigor shown by these trees late in life prove 
conclusively that the ragged, suppressed condition of their neighbors 
is not due wholly to unfavorable climatic or soil conditions, but to 
the effect of the mistletoe upon them. 

On some north slopes where the larch is crowded by lodgepole pine 
and white fir it becomes suppressed for a time very early in life, as 
indicated by the zone of suppression in the older trees. Those trees 
_ finally escaping by their more rapid growth from the influence of 
their neighbors usually become infected by mistletoe when the crown 
spreads out to the light and air above. The opportunities for the 
mistletoe to attack suppressed trees with crowns overtopped by other 
species not subject to its ravages are not as great as when the trees 
are standing more in the open. This is due in part to the other 
species protecting the larch from seed falling on it, and in part to 
the fact that permanent tissue incapable of being penetrated by the 
primary sinker is more rapidly developed in the case of suppressed 
individuals. New growth is of short duration and fewer vulnerable 
points of easy infection exist. If the infection of the suppressed 
trees does occur and the infection succeeds for a time, the mistletoe 
plant may itself become suppressed, partly from a poor nutrient rela- 
tionship with its host and partly through lack of light, and eventually 
may die without producing new infections higher up. The signs of 
old infections are frequently noted in the area of the zone of sup- 
pression in trees that have afterwards escaped from the crowding of 
their neighbors. If such trees again become infected later in life, 
they may attain a fair merchantable size before the influence of the 
parasite is made manifest. 


PHYSICAL AND CLIMATIC FEATURES OF THE FOREST REGION. 


The later geological history of the Blue Mountains, in which the 
Whitman National Forest is located, is one of a great basaltic uplift 
surrounding but not submerging the older granitic formations. The 
several high and low laterally arranged ridges are composed in the 
main of granitic rocks, forming a type of soil upon which the yellow 
pine usually becomes the climax species. Other soil characters in- 
duced by local variations of climate, slope, and type of ground cover 
influence the distribution of the forest trees of this region to a 
marked degree, and indirectly that of the mistletoe. 

Summarizing the chief climatic characteristics of the region, com- 
piled from the reports of the United States Weather Bureau, they 
are (1) scanty rainfall, (2) wide range of temperatures, (3) low 
absolute humidity, (4) rapid evaporation, and (5) an abundance of 
sunshine. The influence of such climatic conditions may be con- 
sidered in general as unfavorable in a few localities to the best 
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development of the larch, but decidedly favorable to the mistletoe 
found upon it. This is at once evident to those familiar with the 
environmental requirements of host and parasite. The region affords 
a most instructive study of the advance and predominance of a forest- 
tree parasite on its host, showing this advance to be in as near an 
exact proportion as the conditions for its SPR development 
become more favorable. 

The problem of the mistletoes in their ecological relationships, re- - 
gardless of the fact that they are parasitic, is similar to that of all 
chlorophyllaceous plants: hence, they respond to light, gravity, and 


Fic. 2.—Cross section of a part of a trunk of a larch tree, showing the regeneration of 
branches from the same whorl to the fourth generation. (Tape in feet graduated in 
tenths. ) 


chemical influences, and in a far less degree to the influences of tem- 
perature and moisture. How, then, do the ecological requirements 
of the larch mistletoe hold with the climate of the region described, 
over which the parasite is widely distributed? The great variation 
in temperature, occasionally abnormally high, and the late, early, and 
winterkilling frosts of some sections, although seriously injuring the 
host, produce but little effect on the parasite. The uniform dryness 
of the air at all seasons of the year throughout the region does not 
greatly influence the mistletoe plant, which is essentially xerophytic. 
On the other hand, the large percentage of sunshiny days and the ab- 
sence of clinging fogs are directly favorable to the parasite, as it is 


rially aided by the insecure rooting of the 
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positively phototropic. The possible influence of the low absolute 
humidity and rapid evaporation on the entrance of host, reproduc- 
tion, etc., is counteracted by the parasite by means of special struc- 
tures enabling it to withstand long periods of drought. 

Probably no factor of the region so greatly aids the destructive 
effects of the mistletoe on the larch as the high, strong winds so 
prevalent in these mountains. The velocity of the winds is sometimes 
very great. During 1913 hundreds of 
reserved yellow pines on the sales area of 
the Whitman National Forest were up- 
rooted. The wind in this case was mate- 


trees on the surface of a hard stratum 
of rocks and gravel, together with a cer- 
tain amount of decay in the brace roots. 
This is a condition often found in cases 
of this kind. 

Strong winds probably do greater injury 
to the larch than to any other conifer. An 
examination of the branching or crown of 
a mature or middle-aged healthy larch will 
show that in most cases, especially in 
windy regions, the tree has been able to 
reach the standard size only through the 
production of several generations of 
branches replacing those broken off by the 
wind and by other causes (fig. 2). The 
loss of branches through crowding or 
natural pruning is not here considered. 
Trees standing under open conditions from 
the beginning will show this interesting Fic. 3.—A larch tree of greatly 
phenomenon of regeneration. Increasing = faves’ visor ae ene 
age, within a certain limit, on the part of brooms and the accumulation 
the main trunk doe’ not interfere with the — ° {*" he eae tee ce 
anatomical and physiological connections _ the branches, also the witehes’- 
bfeolde branches: Consequently, branches  °r°™s * the Upper Portion 


: : : of the crown, are dying. 
forming at any age sufficiently high on the 


trunk to escape the influence of suppression should and would remain 


intact, barring all deteriorating influences, during the natural life of 
the tree. 

Trees with wood exhibiting a natural brittleness, which is always 
very pronounced at the bases of branches, suffer greatly from break- 
age by the wind. The western larch is especially subject to this 
form of injury. The brittleness of its branches at their point of 
attachment with the main trunk is so pronounced that it is not un- 
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common to find them lopped off by the wind. This is especially true 
of tall stems that have come up in close canopy and afterwards 
become more or less isolated. In the case of the larch the ill effects 
of the wind are greatly augmented by the heavy loads of long, trail- 
ing lichens (Alectoria fremontii Tuck. and Usnea longissima Ach.) 
supported by the branches (fig. 3). During rainy periods these 
lichens, through the absorption of large quantities of water, increase 
the weight of the branch by several pounds and, hanging downward 
in a saturated condition, offer a greater resistance to the wind. The 
amount of damage to the 
larch in many locations 
from this cause alone is 
much greater than is ordi- 
narily supposed. In the 
study in the Whitman 
_ National Forest it devel- 
oped that the injury to the 
larch by mistletoe (aside 
from the gradual effects of 
suppression by brooming 
up the branches and reduc- 
ing the assimilatory sur- 
face) was in a large meas- 
ure due to the pruning by 
the wind of the many 
branches which, being 
heavily loaded with 
witches’-brooms, caused an 
increased weight to be ex- 
I'ic. 4.—A larch, showing the original crown entirely erted at their bases. ‘These 
renored bs tevoming, The secondary erowsis2° brooms are often formed 
tities of “black moss” (Alectoria fremontii Tuck.), far out on the branch and 
which grows over and mats the foliar spurs. become densely matted with 
dead leaves and lichens (fig. 3). This increase in weight often 
amounts to several pounds more than that of a normal branch of the 
same age and size (Table II) and is further increased by the absorp- 
tion of water during rainy weather. In the winter the broom fur- 
nishes a collecting place for snow. It is very evident how the re- 
sultant of the two forces, viz, the wind in a lateral and the weight 
of the broom-laden branch in a vertical direction, may bring about 
the removal of all the main original branches (fig. 4). It is not 
uncommon to find large heaps of branches heavily loaded with 
brooms under the infected tree. Up to this point the breakage of 
normal wood uninfected by mistletoe roots has alone been considered. 
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The infected wood of the branch, either at its base or other por- 
tions, where not too greatly enlarged by the stimulating effects of 
the parasite, requires a much smaller force to break it at the point of 
infection than is the case in normal branches of like age and thick- 
ness. The penetration and embedding of the vertical root system of 
the parasite in the wood of the host add nothing to the strength 
of the infected tissue, but diminish its normal strength when the 
force, as in the case of the wind, is applied at right angles to the 
grain of the infected branch. Since numerous infections occur at the 
bases of branches, the point of greatest stress, much injury to the tree 
results. The meristematic tissue in the cambium layer at the point 


lig. 5.—Cross section of the trunk of a larch tree, showing a typical basal branch burl. 
Note that the dead wood is attacked by borers which do not encroach upon the living 
sapwood. 


where the branch breaks usually produces secondary branches (see 
fig. 2). These in turn may become infected and are lopped off, so 
that eventually great burls are produced at this point on the trunk 
(fig. 5), seriously reducing the merchantable material. The dead 
wood thus exposed is a place of entrance for insects and fungi. 
Since it requires years for the secondary branches to attain a size 
and assimilatory surface capable of supporting the present bulk of 
the trunk, the vigor of the tree is gradually reduced. The younger 
portion of the crown above, being continually encroached upon by 


the parasite, is not able to supply the deficiency in food materials, and 
the tree, merely existing for a time, finally becomes a prey to various 
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deteriorating agents and eventually dies before reaching its maxi- 


mum development (fig. 6). 


The radial dimensions of the last annual 


ring of trees in the final stages of mistletoe suppression (fig. 7) 


Fic. 6.—A larch tree in the last 
stages of mistletoe suppression. 
A few of the witches’-brooms 
contain living branches. The 
tree was making no percepti- 
ble increment and was far be- 
low the normal size for the 
region. It was necessary to 
clear away from the base of 
the tree the heap of fallen 
witches’-brooms before it could 
be cut. 


Fig. 7.—Iwo larch trees barely living, as evi- 
denced by dissection of the bole. Note the 
very large witches’-brooms and numerous dead 
branches. 

were often so fine and narrow that they 
could be counted only with the aid of a 
compound microscope. In some of the 
worst cases the tree was able to produce 
but a single layer of tracheids in a year. 
In so far as climate influences the 
prevalence and destructive effects of the 
larch mistletoe, that of the Blue Moun- 
tain region is most favorable. It might 
be here added that when a particular 
tree species has succeeded in establish- 
ing itself outside of what may be con- 
sidered its optimum range and at the 


came time is followed up by a most destructive parasite which 
responds favorably to the habitat, the rapid deterioration of the 
species must necessarily follow, at least in the more unfavorable sites. 


») 
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FUNGOUS ENEMIES OF THE LARCH. 


The larch on the tract examined was not attacked to any extent by 
fungi. The fungi collected were not present in sufficient quantity nor 
were their effects sufficiently evident to be considered the prime factor 
in the universal deterioration of the tree. The dead wood and bark of 
the mistletoe burls were usually infested by the larve of A/elanophila 
drummondi Iirby (figs. 5 and 8) and occasionally were followed 
by a fungus causing a black stain. Two burls were found infected 


Fic. 8.—Cross section of the trunk of a larch tree, showing characteristic fan-shaped 
burl tissues resulting from an original infection when the tree was 7 years old. The 
tree was 145 years old when cut. Note the presence of borers. (Tape in feet grad- 
uated in twelfths.) 3 


with Trametes pint (Brot.) Fr. (figs. 5 and 9), but here, as in a 
number of cther cases where fungi had entered at the burl, the hard- 
ness and pitchy condition of the wood counteracted the advance of 
the fungus, and it had not spread much beyond the burl tissue. It 
is safe to state, from long field observations in other regions, that 


mistletoe burls furnish admirable starting points for fungi; but 


since the burl in its early stages is very pitchy (fig. 10) and the dead 
wood becomes pronounced only after the tree is greatly injured by 
the mistletoe itself, the effect of the fungi is to destroy later the 
merchantability of the tree, and the mistletoe may not be the original 
cause of its deterioration. 
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THE EFFECTS OF MISTLETOE ON ITS HOST. 


A preliminary survey by the strip method made at the foot of a 
north slope and partly on the level resulted in the accumulation of 
the data given in Table I, showing conclusively that the larch in this 
region is heavily infected with mistletoe. No attempt was made to 
ascertain the age of the trees given here, so as to show the degree of 
suppression. A good idea may be obtained, however, of the nature 
of the infection, distribution, and quantity of mistletoe present on the 
trees. In general, the height of the trees here recorded is somewhat 
less than that of normal or uninfected trees in the same region. 


Fic. 9.—Cross section of the trunk of a larch tree, showing a large burl with white 
cellulose pits caused by Trametes pini. Note the small amount of living wood and 
that the dry wood is attacked by fungi and insects. (Tape in feet graduated in 
tenths. ) 


The youngest specimen found infected was less than 5 years old, 
which means, of course, that such early infection will not allow a 
very high state of merchantability to be attained, even if the young 
tree is not killed prematurely. Usually very young growth first be- 
comes infected somewhere on the trunk where the bark is not yet 
protected by cork (fig. 11). The infection of very young seedlings 
causes them to assume various abnormal shapes and positions, espe- 
cially when the mistletoe is confined to one side of the stem. Burl 
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tissues begin to form usually within a comparatively short time, from 
one to two years in young plants. If the infection occurs on the stem 
near the base of a branch, the cortical root system advances into the 
bast tissues of the branch, initiating a burl or witches’-broom at that 
point (fig. 1). The extension of the cortical roots upward along the 
main trunk is sometimes sufficiently rapid to keep within the 4 to 
5 year old portion of the stem, although the larch mistletoe seldom 


Fic. 10.—Cross section of a trunk of a larch tree with a large burl, showing its struc- 
ture and a large pitch pocket. 


spreads very far from the point of original infection. The parasite, 
however, usually travels more rapidly along the young shoots which 
develop in number at the place of first infection. The spread of the 
parasite outwardly along the branch or upwardly along the leader 
may be hastened by the dissemination of seeds from the older infec- 


tions. In this manner the last year’s growth is often infected, and 


even the terminal bud. The branches of the parasite eventually fall 
away, leaving scars easily discernible on the older parts of the 
voung trees (fig. 1). 
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TaBLe I.—Eztent and nature of mistletoe infection in 36 larch. trees in the 
Whitman National Forest. 


Number of burls. Number of witches’-brooms. Gen- 
Gen- eral 

z ee Height | l eral | mer- 

Tree No. diam- of At base | At base Total | Fallen | Y289F chant- 
Bier tree. ¥ a | of SEE tes One oF frond poe aie 

| unk. | pranches. branches.) 247° | tree tree cs ae 

x 
a aa aa a 
Inches Feet 

ba ape eee 7 5 1 4 5 13 18 1 Waal 20 0) Gee | chee 
1Ge ene Cee W. 68 1 4 6 10 16 12 do esse oor 
1 Sper te ee 9 75 0 0 0 0 0 0 | Good..| Good 
pi! iad Sein eee 10 50 0 ) 0 18 18 1.) Bar Do; 
fle Re og eed ae 11 85 0 2 2 12 14 1S da Do. 
Qiiiphce 2) meets he 12 64 0 0 4 15 19 2.4 do. Do. 
LORE ee es 12 66 0 0 3 16 19 0: 1=.2do: edo. 
j Fs beaece® Saotene so 13 95 0 0) 6 12 18 2 do...| Fair. 
Y eee AN ee ae 14 7 0 0 0 0 | 0 0 | Good..| Good 
Die aes nets 14 122 0 0 0 0 0 0 doi |e20: 
Neca hee 15 98 1 0 4 8 | 12 2 | Fair.. | Fair. 
| vols seo eee 15 84 0 3 4 15 19 3 de ape- 
Le es 15 83 0 0 0 0 0 0 | Good..| Good. 
TR eee 16 88 1 2 4 20 24 3 | Poor.-.| Poor. 
] res OS ee 17 85 0 4 5 15 20 17 do==|1"-D0. 
DAGt ee weer Aly, 88 2 8 4 20 24 3 dos Do. 
DOr rh es iets a 17 90 0 1 2 11 13 1 |...do...| Good 
TOR ere 18 99 1 0 3 8 11 fol agrees Do 
Die el a 18 103 ) 0 0 0 0 0 | Good.. Do 
SOG Fortes Fee 18 80 il 1 3 5 | 8 3 | Fair... Do 
DRE cio hae ae 19 99 0 0 0 0 0) 0 | Good.. Do. 
DA}: dacenanelt oa tee 20 103 1 2 4 18 | 21 Ae) Shain tia 
DAs NE eee 20 120 0 3 3 20 23 6 do:=21)= Da: 
QB rae ayer we 20 109 3 4 3 21 23 4 reeves |e hee 
Siemon 22 107 1 1 3 10 13 0 do...| Good 
Bee ee ee 23 100 2 4 8 8 16 9 | Poor..} Fair. 
Gs. Ceres eee 23 | 110 3 6 5 16 21 71-22 d0222|2eor: 
32 eee 23 | 109 4 2 1 10 ial 1 do Do. 
=O): Bat eee a eae 24 | 110 1 2 3 15 18 4 | Fair...| Fair. 
Fr (eh pa ee a5 111 2 3 4 10 14 4 | Poor..} Poor 
poi (eae Sapees sees] 28 126 0 0 0 0 0 0 | Good..| Good 
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Owing to the slower growth of the branches in length as compared 
to the stem, the cortical roots of the mistletoe are enabled to extend 
into the older part of the 2-year-old internodes. After a time the 
branch is suppressed and the terminal bud becomes infectéd, resulting 
in a terminal broom. The cortical roots likewise penetrate the foliar 
spurs, causing them to become greatly enlarged, with the result that 
few leaves are produced (fig. 12). It is remarkable how rapidly in 
some instances the bur] tissues become differentiated. A slight swell- 
ing is first noticeable; then the bark begins to lose its fresh appear- 
ance, becomes rough around the edges of the infected tissues, and 
finally separates altogether from the normal bark (fig. 11). The 
vertical roots of the parasite continue to live for many years, elon- 
gating with the same rapidity with which the annual increment of 
the host is laid down. The hypertrophied tissues resulting from these 
early infections on the stem spread out in fanlike shapes when 
viewed in cross section (figs. 8 and 10). Original infections on 
branches not only cause a local hypertrophy of the immediately 
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infected area (fig. 18), but large brooms are almost invariably 
produced. 

In mistletoe regions no trees of any age are safe from infection. 
A great many trees surrounded by other species not attacked by the 
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Fic. 11.—The main stem of a young larch, showing two separate infections, one at the 
whorl of branches and the other on the internode. ‘ Both infections are of the same. 
age, as indicated by the large primary sinkers, which terminate at the same annual 
ring. Note the rough bark on the swellings, the beginning of typical trunk burls. 
The branches of the mistletoe have fallen, but the sinkers are still living and will 
remain alive for an indefinite period, stimulating the host tissues to a greater devel- 
opment. The central areas of the burl soon die, leaving an open wound. 

same mistletoe escape early infection and grow to a fair size, with 
normal, healthy crowns. Such uninfected trees are always conspicu- 
ous among their more heavily infected neighbors. These trees are 
eventually attacked, 
but owing to the ad- 
vantage of a some- 


what isolated posi- 


become badly in- 
fected, since the 


brought from a dis- 
tance greater than 
the natural expelling 
force of the seed 


capsule is capable of ; 

ti iG Oubn: Fig. 12.—A larch twig, showing the abnormal size of the . 
exerting. naou foliar spurs when stimulated by the parasite. 'These spurs 
edly this force is are nearly four times the size of the normal spurs on the 


aided by the wind. ~ ee 

The final result is the infection of the terminal twigs, and 
in most cases those of the lower branches. The infection 
gradually spreads upward; the branches either become broomed 
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and are broken off, followed in many cases by a secondary crown 
(figs. 3, 4, 6, and 7), too late to supply the deficiency in food 
materials; or the vigor of the present bulk growth and the vitality 
of the tree are reduced by a general infection throughout the entire 
crown. The latter type of mistletoe injury frequently occurs. The 
tree seems to become infected at many different parts of the crown at 
once, and while the branches are not broken by the formation of large 
brocms, the vitality of the host gradually sinks under the drain on 
its resources of so widespread an infection. When young trees are 
infected there is such an excessive broom development by the time 
they have reached pole size that the original crown has practically 


Fic. 13.—A common type of original infection on a larch branch, showing the beginning 
of branch witches’-brooms. 


disappeared. Bushy secondary branches grow out from the stumps 


of the old ones, and the lopping process may be continued to a third 


or fourth generation of branches (fig. 2). The width of the second- 
ary crowns becomes less and less, until practically nothing remains 
but the stubs of the former branches, bearing a few straggling green 
twigs (figs. 3,6, and 7). By this means the assimilatory surface of 
the tree is gradually reduced. During the period between the fall 
of the primary and the appearance of the secondary branches, the 
tree is robbed of a great amount of food material necessary to main- 
tain its vigor at its present stage, and it begins to show signs of 
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developing a “spike top” (figs. 4,6,and7). All heavily infected trees 
by the time they have reached the age of 200 years, if they succeed in 
living to that age, have developed a “spike top” (Table IT). 

Occasionally infected trees attain a considerable size, due to the 
fact that the original infections occurred chiefly at the bases of the 
branches and did not spread. The attendant broom formation oc- 
curring on the branches next to the trunk allows the retention of the 
branches for a longer time than if brooms were developed farther out 
on the branch. The merchantability of the tree is greatly reduced, 
however, by the formation of a series of basal branch burls, causing 
streaks of pitchy wood to extend along the trunk from one burl to 
another. 

The spread of the parasite in the direction of the prevailing winds 
was very interestingly shown in a number of cases. One case in 
particular was noted in which a series of trees of nearly the same age 
standing in a row extending in the general direction of the more con- 
stant winds indicated that the infection had gradually traveled from 
the first and most seriously infected specimen to those least infected 
at the other end of the row. These trees had apparently originated 
under the protection of an old windfall. Since there were no in- 


fected trees immediately to the right or left, it is fairly evident that 


the wind was a factor in seed distribution and also determined the 
direction of distribution. In order to appreciate thoroughly the 
significance of the effects of mistletoe on the larch, a study should be 
made of figures 3, 4, 6, and 7, representing different stages of sup- 


_ pression and various types of infection. 


On the drier slopes, from 80 to 90 per cent of the larch of all ages 
has been found infected. On the more favorable sites, the percentage 
of infection was very low and therefore did not interfere seriously 
with the best development of the species. (See trees Nos. 40 and 41, 
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After the preliminary survey, and in order to answer definitely the 
question whether or not mistletoe is as great an enemy to the host 
as outward appearance seems to indicate and to obtain, as near as 
possible, comparable figures on mistletoe injury, 45 infected and 
uninfected trees were cut and such measurements taken as were 
thought necessary for the needs of the problem in hand. These data, 
along with many other observations having a bearing on the subject, 
have been arranged in Table II, whereby it is possible to follow out 
the main factors operative in the deterioration or suppression of the 
trees studied and by means of which fairly conclusive comparisons 


may be drawn. 
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TABLE JI.—Comparison of 45 lurch trees in the Whitman National Forest with 


respect to mistletoe infection. 


[Abbreviations: In columns 14 and 40, increasing degree of infection is shown by the number of cross marks; 
in columns 26, 31, and 32, B=borers, F=fungi, S=sound, St—stain; in column 36, D=dominant, I= 
intermediate, S=suppressed.] 
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TABLE II1.—Comparison of 45 larch trees in the Whitman National Forest with 
respect to mistletoe infection—Continued. 
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TABLE II.—Comparison of 45 larch trees in the Whitman National Forest with 
respect to mistletoe infection—Continued. 
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a The section passed through burl tissues. 
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The trees were selected from a comparatively small area after the 
preliminary survey had shown the nature of the deterioration to be 
universal and similar over large areas of the same type of stand. 
Although the numerical basis for the figures in the table is very 
meager, interesting results are shown, which fully justify the arrange- 
ment. In the absence of suitable volume-table studies of the normal 
growth of the same age class for the region, the arrangement of the 
table is based entirely on the trees felled for study. An increasing 
degree of infection is indicated by the larger number of cross marks 
employed (columns 14 and 40). Selecting trees of the same age, the 
study of the table may proceed as follows: Trees Nos. 42 and 27 
are of the same age. The infection of No. 42 is xx; of No. 27,0. By 
consulting column 27 the average width of sapwood for tree No. 42 
is found to be 0.53 inch, and column 28 shows that the sapwood con- 


sists of an average of 16 rings; tree No. 27 has an average width of 


sapwood of 0.9 inch, with an average of 21.3 rings. Tree No. 42 
showed a present period of suppression of 20 rings (column 30), the 
combined width of which is 0.5 inch (column 29); tree No. 27 has 
no present suppression and is marked 0 in the table. The condition 
of the sapwood, sound for both trees (column 31), indicates the ab- 
sence of secondary causes of deterioration, as does in like manner the 
column (32) on the condition of the heartwood. Referring to other 
columns, tree No. 42 is shown to have a total height of 53 feet (col- 
umn 33), a full volume of 25 feet, board measure (column 35), a 
breast-high diameter of 5 inches (column 37), and is dominant (col- 
umn 386) ; tree No. 27, on the other hand, has a total height of 60 feet, 
a full volume of 40 feet, board measure, a breast-high diameter of 
6.65 inches, and is sufficiently overtopped and crowned by its neigh- 
bors to be marked intermediate. 

The fact that the infected tree stood fairly in the open, with no 
deteriorating agents other than mistletoe associated with it, leaves 
small room for doubt that the tree was suppressed by the parasite 
upon it. Table II shows that tree No. 42 has seven branch brooms 
(column 8), with an average weight of 3 pounds per broom (column 
11) on and above the average weight of the normal branch, which 
is 2 pounds (column 10). 

The effects of the mistletoe on its host are further shown by the 
differences in the diameters of branches supporting brooms and those 
not so encumbered (columns 12 and 13). The analysis of these trees 
showed that both individuals started equally, but the measurements 
and study of all cross sections showed plainly a retarded growth 
during the last few years of life except at the stump, the section 
passing through burl tissues (column 40). The age of the tree can 
not be held responsible for the faliing off in increment. A compari- 


‘son of the measurements taken at the various cross sections and at 
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the stump was found to vary so little that the stump measurements 
were adopted to show the falling off in growth for the last 10 years. 
A study of all the cross sections of tree No. 27 showed a normal 
growth. It also possesses a crown of larger dimensions. The two 
trees stood within 100 feet of each other. Selecting from Table IT 
that which is of greatest moment, trees Nos. 48 and 9 may be com- 
pared as shown in Table ITI. 


TABLE III.—Condition of larches Nos. 43 and 9, selected fae Table II for 
comparison. 


| 
Item of comparison. | Tree No. 43. Tree No. 9. 

Bn 2S Stes Ae one Le gee ge OA Se he et are SH Ghee TS Ae ee eS years. i 96 96 
Bost cine, Gam Clehss ss 5 <\Sson acess as oe ee eee ee eee inches. .| 6 9 
TnfeGtioms tes Pe ey a aos Thay AA Bey ne ges ar ES ee ae ed Re eee eee SXeXGKe 
EAtVierae OLwi diEMnORSADWOOG sas oes eee eee eee Sera aes inches. - 1.12 1.35 
Average number ofirings in sapwood.) __...-2.2...- 22. ee ee: 23 27 
Wwadth:ofpresent Zone Of SUP Pression n= steer eee Stee ee 
1S (Ces Fel 0 ee ee ee er Sa oa operat rene Spe eS aR A ae feet 65 72 
Merchantablelengthiass: jase ee ee - cee ee es do. 20 2 
BULEVOlUMITe sOOAT GSM aASUTC eee ay tere eee ae ee eee ee en dona 20 8) 
GrowthsorilastilOsyears 3s ee ae ee ares ee eeepc inches. - 0.10 1 
elation ito mel gi borin iGneeSe es eis es eee ee Dominant. | Intermediate. 


Tree No. 43, as shown by the data in Table IJ,-had burls on its 
trunk and at the bases cf branches (columns 3 and 15). A trunk 
burl occupied 100 per cent of its total circumference (column 20) 
and only 10 per cent of it was living (column 23). The tree had six 
branch brooms (column 6), with an average weight of 4.5 pounds 
(column 11), and normal branches of 3 pounds average weight 
(column 10). 

In this manner tree No. 5 may be compared with tree No. 44; No. 
10 with No. 11; No. 3 with No. 39; No. 5 with No. 25; No. 33 with 
No. 35; No. 2 with No. 12; No. 30 with No. 37; No. 33 with Nos. 35, 
29.20% 36; No. 18 with No. 34, ete. 


EFFECT OF MISTLETOE BURLS ON THE MERCHANTABILITY OF 
LARCH TREES. 


The effect of the formation of burls on the trunk and at the bases of 


branches, aside from injuring the tree from a physiological stand-— 


point by cutting off the transporting tissues, introduces a cull factor 
of no mean proportion in the present timber capital. In bucking the 
tree it is possible in most cases to saw out the burls when they are far 
enough apart not to interfere seriously with the merchantable log 
leneth. In badly infected specimens the trunk and branch burls 
(figs. 5, 8, 9, and 10) are frequently so close together and so evenly 
distributed along the trunk that little merchantable material can be 
obtained. Sometimes these burls take up the entire merchantable 


. 
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part of the tree and are very frequently more than 10 feet in length. 
Streaks of discolored wood, usually pitchy, and long checks may often 
extend from burl to burl, producing a very poor grade of lumber. 
Table IV shows the quantity of culls resulting from the mistletoe 
burls. 


Taste TV.—Culled larch lumber resulting from mistletoe buris. 


Trunk burls. Basal branch burls. 
; Volume, b.m., Volume, b.m. 
Be ean Se of culls due to : of culls due to 
2 Bese ; burls. axl- burls. 
tree. Burl Leneth mum | Num- 
INORG pea Su".|______________| qiam- | ber 
At | At Be Morey For 
base. top. Each tree Each. tree. 
Years. Inches. | Inches.| eet. Feet. Feet. | Inches. Feet. Feet. 
90 | 6 1 6.6 CGS Late te Ser es loll eee at ee TOE eet sem Slee eee t 5 | Re erate 
SUP Emenee 2 3.5 es ees carsales CCE tel Lt OD) BH) lasseoeeale: CO) 165.0 
OX (ie tee tc et teat 11d Ne easiest Ra aco anaes se Se nasa nd asa hae es See (0) 20 
1 1583 12 1.5 12 12E3 3 1.4 
OOM Eee teens a se 2 11.5 11 1.2 9.3 26.8 11 Bea a sarah ae pea ei 28.2 
3 10.1 10 1 5.5 LOS es eae eee 1.4 
TOES Pe Ses Hane aes 1 15.1 14.8 3 25 25 15.1 1 25 Pails 
TOGH| BLOM ee ae 1 8.1 7 9 14.5 14.5 9 1 1.4 15.9 
DP) De) Se ie eer 1 13.5 12.7 3 20 20 13.5 8 20 40 
| Oe eerie hic eros 1 8.6 8.3 2 8 8 16 2 5 13 
NOS Weds geseS Ss Ss Sl Sere eee [ee ee eed (ae esr (eee ese [ape aire nese (ay cee 3 10 10 
1 12 11.8 2:3 15 12 5 30 
2 11.6 11.5 2 10 TTR Oral essed rey cll pees eaten ein 
145 | 8¢...-..-.--.-- | eet | t3t ln? 2 (aaa NOLS tiger Nerul oon ances 67.5 
4 10.8 10.6 2 6 LOSS eS eees wae 30 
HAD I PBs SSSS SSE GS cere eS es eae ae a | ae Fa 12 189 180 
TSE FGA) py pas peer ee eae 1 23.2 23 3 AO Ss ie aie ee as 2352 6 175 245 
20 Salo eee eee ee 1 13.1 13 3.5 25 (a) 15.5 12 170 195 
PANG y3| MOY Ee ieee eae ae 1 18.5 18 4 ee Ou Re ke eee Mead Beat beas Heals 67.5 
1 18.1 17.9 16 90 919 20 5 80 
222 | Wy. --.-------- { Dae der ty 5 2 22 \ 212 { sree Eee ne 80 \ AMS 
DaPv WN BX cia Sid Geet Spek nes ae peg] PRS ARS eee Pn Sa aK TT ae eal 5 30 30 
DD Ns ee Oe a EN 1 13.1 13 Debs PAD sea] ae a oe a aa 156) 4 20 40 
2A || Bic See OEE eee 1 12.8 12.3 4 DR aliens Bee ere 12.8 12°} 140 165 
DG BBs shake oss alia Ale eets eee hese aaa Ms oa ae ae Ale 0 nae | een a (ee 9 90 190 
DOMED RA SEIN RELA Salles iL 18 17.8 7 IK Oe [ape ae 18 11 150 260 
WEB | Cbs ao ssccsoe le s\n cee el Gere Bie a calle aes eae | eset tes fete Nieaee ere cis beep aaa 5 60 60 
DR | AS 5 SEG SS AS RO SS tt Ln ee) [ge a I 6 80 80 
BS I BOs ssc swiss Stee lle ell Saeeer es Bee fea eta sete (ee oy] Pee a [ee 5 70 70 
BUNS I BY 5 SSG isis 5 GAS Be A eer oe ete | De Le 4 60 60 
PAS) || BV t as SEES Geeta oe 1 HOSOR eee eae 16 1) eh OE 12 7 75 145 
DG) | Ds Sa BES Bas ab Salles ll esters apie || aE el Be gee Lec geal ea beer ele NG 21 | 190 190 
PANO): | TERS eee Ss CE aay NS esl See ca eh ea] Pe eal Eee 10 110 110 
ZA | Bos bs Gog eric bx 2 tS Sh cole eomeae ees |e ene eee eel | pee ami |e Gua Renee garg 6 95 95 
sis). | PD) oi eee ate Meee 1 13 17.8 16 210 (6) 19 3 120 330 


a Average diameter taken between middle line of burl and either extremity. - 
b Tree culled. , 

c See figure 8. 

d See figure 10. 

€ See figure 9. 


METHOD OF CONTROL. 


Since mistletoe is propagated and spreads from tree to tree by 
means of seeds, the method to be employed in eradicating it is similar 
to that which is now being adopted in many sales areas for reducing 
the ravages of forest-tree fungi. Results will be obtained in a much 
shorter time, however, than in the case of fungous enemies. Mistle- 
toe occupies only the aerial part of the host. Fungi attack all parts— 
roots, stems, and leaves; hence, cutting an infected tree does not 
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eliminate some of the worst fungous enemies of the forest. Those 
of the roots escape and others attacking the aerial portion of the 
tree afterwards in many cases develop quite as vigorously on the dead 
wood as before. On the other hand, the mistletoe plant dies with 
the death of the host. Although the seeds of the mistletoe are ex- 
pelled from the pericarp with considerable force, they are not carried, 
even though aided by wind, for great distances, as are the spores of 
fungi. Birds and rodents? are factors in the distribution of mistletoe 
seeds, but the actual service rendered the parasite by such agencies is 
very small. It is very evident, then, that no trees, young or old, in- 
fected with mistletoe should ever be selected for seed trees, because 
all young growth beneath such trees and in the near vicinity would 
be in great danger of infection. By a gradual process of elimination 
cn every timber-sale area, governed by a clause in the contract requir- 
ing the taking down or girdling by fire of every mistletoe-infected 
tree, much may be accomplished within a comparatively short time. 


CONCLUSIONS. 


The principal conclusions which may be drawn from the present 
study are summarized as follows: 

The deterioration of the western larch in the more open and 
exposed stands of the Whitman National Forest is due to mistletoe. 
Although yellow pine and Douglas fir are the most valuable species, 
the larch, when free from mistletoe, attains a size on any site, so 
far as observed, sufficient to merit its being carried along in the 
rotation with the other species. From the fact that the larch mistle- 
toe finds its optimum development in the more exposed sites, future 
silvical operations should aim at confining the larch to moist bottoms 
and protected valleys. 

Since the principal defects of the western larch, oxehuie pitchy 
butt and shake, originate from mistletoe, the diameter and age limit 
of this tree may be greatly extended, provided methods for the 
eradication of the mistletoe are adopted. 

The larch mistletoe attacks trees of all ages, from seedlings to the 
unsuberized parts of mature trees. If not entirely suppressed or 
killed, trees attacked in early life seldom produce a good grade of 
merchantable timber. All trees seriously infected show poor health 
and reduced diameter or height. Trees becoming infected in middle 
life may have the quality of the timber reduced by the large knots 
formed by the basal branch burls. 

1The common English sparrow has been observed by the writer to feed upon the seeds 
of the yellow-pine mistletoe in the city park at Coeur d’Alene, Idaho. Mistletoe seeds 
have been found in the excrement of birds in mistletoe regions. Birds and rodents fre- 


quently build their nests in mistletoe brooms and are known by actual investigation to 
play a minor role in the distribution of the seeds of the parasite, 
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Burls found in early life on the trunk cause suppression by reduc- 
ing the food-transporting tissues, form open wounds for the entrance 
of fungi and insects, and cause streaks of pitch to appear in the 
wood, which often extend from one burl to another. Burls formed | 
at the bases of branches produce similar injuries and may also cause 
a premature pruning of the branch. 

The extra weight of the brooms, together with the accumulated 
débris, causes the branches to break off readily under the influence of 
the wind and deprives the tree of its normal food supply. 

Mistletoe thrives best on trees of uneven stands. In dense, close, 
even-aged stands, as in deep valleys, the parasite usually causes less 
damage. 

The type of infection working the gre ate injury in the shortest 
time is the formation of brooms on the branches. 

Thinning promotes the development of the parasite in the crown; 
hence, all infected trees of any size, age, and condition should be 
marked for cutting. 

The mistletoe spreads more rapidly in the crowns of younger 
trees, owing to the greater number of twigs in close proximity sus- 
ceptible to infection. 

Two types of infection by the mistletoe occur: (1) By the seed 
falling on the branches, where a broom usually develops if infection 
eccurs, and (2) the gradual advance of the cortical root system of the 
mistletoe along the branch to younger tissues. The seeds of mistletoe 
have been known to fall on the healing tissue of wounds on old parts 
of trees, causing infection. | 

Suppression by mistletoe causes a more rapid and an earlier forma- 
tion of heartwood in the younger age classes, thus inviting insects and 
fungi at earlier periods of growth. 

Mistletoe may be controlled by inserting in all timber-sale con- 
tracts a clause requiring the cutting on the sales area of all larches 
infected with mistletoe, whether merchantable or unmerchantable. 


PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE RELAT- 
ING TO FOREST TREE DISEASES. 


AVAILABLE FOR FREE DISTRIBUTION. 
Forest Trees, Diseases common in California and Nevada. (Forestry Mis- 


cellaneous. ) 
Oregon Oak, Quercus garryana. (Forestry Silvical Leaflet 52.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS. 


Diseases of Deciduous Forest Trees. (Bureau of Plant Industry Bulletin 
149.) Price 15 cents. 

Mistletoe Pest in Southwest. (Bureau of Plant Industry Bulletin 166.) 
Price 10 cents. 

Plant-disease Survey in Vicinity of San Antonio, Texas. (Bureau of Plant 
Industry Bulletin 226.) Price 20 cents. 

Diseases of Ornamental Trees. (Separate 463 from Yearbook 1907.) Price 
5 cents. 

2 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 
5 CENTS PER COPY 


A 


WASHINGTON : GOVERNMENT PRINTING OFFICE : 1916 


——— £ * 
Poe ~ - z oy > 
- ‘ in, Le <s mp4 “~ et at ty . - a 
Reka 7 OO DP a ly ve 6 he AM ciagerges eae mae wy ara = erwt ante Sy pees anim 
bd = - — we * eens gehenn , — r ~ 
eit wi “. > kaos te ~~ = ER on en aes ‘i 
tp day 2 : OO Nee! ot OP Ce Cty ty P y " = 
91 ta i le de etlins Bat a : $ me 
Tie OM oR th sed blah ne “ : nak 
_ ab tenn Vor er nA pinkg nag bate = ~ ip — : 
7 - . we dw Son a ttm he, we - 7 pre athe 
: eitatneed ane Lies EN EOS Vota Log rt 7 ov 
Rn % , ’ ~ wth - 
tr > Sed 6 smding et 4 Ridge = yrs Sighs apes a 7 Ay. ie 
oxi : . 9 OE PR intin os th Bee - y mee i 
a ns iiethedp ae ee ‘ 7 wn, hee =e e 
: he 7) (Cer py An ~ we a ‘ - 
bees ne aE de ge “. - a oMene — 
» pee Nd - - “eae an = - - 
° A “ - weenie nny > ? _ ~ none — + 
~ ta ~ = ’ aoe ee = gt ms - ee - : ~~. 7 
ag Pwrre . ~ ee Ne ee - - ~ - iene ~ ° 
“ ’ *, - ness oe tae - . ov ae ’ 7 . SE ER TI tee wy gD 
Lie oe . eae are Sot Acar end a 2 op cline tes ar ¥ ~ ~ - 
; w —~ = Aw ~ m 7 * <khes ¥ 7 s _ —e — ye ”— 
Rare ae eet ON rns, BREE thy el eed poe ip he - ’ x ~~ = pul — ete e oe ~ 
sue - . 4 s _ 7 ee hy ome ates - a : 
id ‘ : dai 4 oom , a “ v - 
whe bap _ TS ea ean AS ve : —— ~ 
= muty ae Pils s inf ase phos re mata ~ = - 
om ae rs ~~ . . Aetinieg 7% Bene - we — 7 ~ ‘ 
“vis : 4s ne ~ . r sy | ws - “~ ~ 5" 
7 “= oe te - ‘a “ . —"* = 
’ — oo - ae = hy eer, 08 tne: pe mya - ~ ———— - . ~~. 
<* < “s - ay a aasty / —m. . ~ a 
~ aed Me, — 7 Apis 0 waew “ a whe Ww owe : wie € == 
Pal 7 « alti Basen tea. Pr. eee ~~ rece 7 -* a : : 
wihty a . - ~ Sow aaa a hen ith hen nins pea ae ote ” peace raredi : 
AER ae wes he - 7 ieee a oe See “ are ie ~ - ‘ “. ~ at 
yew Aen, w wy - “ vt bem a aia ~ 7 - ame “~ We . * ~ 7 ee nati “~ 4 
vy stone eee ee ae < * mee ~~ “~ : rears ~~ 7 ~ = . ~ - - . ty 
: . ~$.4 <0 - mies ahh 1 « 
PRO hate nahdeeun e ~et , — non _ _ : “ ern ee « - SA et eet ayy Agta Ay, % - An 
ibe we 7 . ~ * Miele Ad. 7 ~~, rh 7 - Po Aen, >a q «< o : 
~ eee a ee or - 7 as be + nai ee eae = ne Oe a Or nw oe any ree 6 ms 
wr we remee, yh a Wee) ¥ — ws “ . <i i ares om a —rv ~ See a en helite Te Sm ee - 
peneuiiaas - < te whaplntadhe te ~~ ny re pid rly tg ed aot a 2 Rew AE “ete . Xx - 
- ee ew pallens eens ent aos ad vem ome, oye Pate ~s peop antiunitah ete So eae Ppt pete 4 pall ities nh pegs ateciag 5 
eS pp iiie State were) are een maeh,” wen er acto “Sra ~— vv yee es oy merry - st er ee wk = wut ty . mys ~ ~ rey aes athe 
apitalinan oa 7 an nd heb-tiedn ae ee Oe ee wie ny nen ‘4-ethier Anal = +e Sl tigate ey oa pace — Ares ~ 6 NC aeaipicstens iad me ee Pf ae : hae en sik 7 ; a ~ pitas sng hae 
Vy" SP ee a Ne re oe aed - r Ann body " owe eee preehgn «earwy tM on a ~98 a re nyt, . - w ae agepaniadad _— ot 
—_ “ ST tn tk gs a oy A . - om Vw * - “ be 
a et Hire wend rk teererandnae le ae nN oh ont Bat Nalin on Mtg ve ma Cnt a? Trl, Sette Fee oh adn ye a ~ or tanh Sr eaee — Pre Lene: |i aoe 
PO ide bee. eee WAU Ay we» sa gulbagmg nee wate om Nay nnd aaa Saline dealin ak bo ee ~ pres Ses ai enten @dhtdhdlin a _~ EN, rats 5 0. oe allied eee —— Shon 
eee. ae Bod ee age ba teed ad ae a ntl te: firth rg we has te wee ww — e rawr ete ction ~ > “es te mee nes ere 
dn ea on Btn aN oe ot ee paige tear nee Aaecte ere Are Varo’ tema moth ermine eri pattems aie eee “evi PT M8259 NG © ee 
iti we. oe PP ee te A earn emg A ate apy Pb Raton ig yy ~w - oS a agency eee. EPL Hes Sareea eh Se eR ere pas minted) aia ee 
Cryin ngeancio Suny ninece ons Poe esa atemarmenee - ieee baintn ee Atma -wayty- An ow drtrwto ny caine are aes FN ere APE oar cco = whey <= mqurthe SN mes out 
DEO Ne OR Ag ntlien tein ee ae te A rallies atta agtheted a ann Lshctchhathdl hited adieae hana aie ee Pe Oye ~ ny sy Be Ae naty sa -Giernatie con ety 7“ a ete a ow 
OE AN ea iene ay TNO erecta ae Bnd rege a Ei aye 4 a Aaah nthe Teli tN nytt nalaciaeten nian an Ata ah ve Ansa eee tein tet Wargo ~~ ee la 
cotiditinas Let ee PA NN A tar ima wretch ~p was atmos Tt FE Ala re ee ey tg geen weere erent See seth SINE Gmyamene my bs ee en maton OE oy ae oan any saw nan ee or 
we ae le be nile, win St eee ng oy otra pad, — = rg we ~, — Nee a Sey + pcs Fats oom Greener OT ae 1% “Pie —~ oe “ee we ” VA ee ten, ™ se —s. ake in, oe, i ty ~ -_ 
- Piette ae ae Noe Ey dye eA em - wtb relies I ems hpriyty tek a mejoo 1 ON wet en oe ea hein on bl od ib Aeeinthtdibctdntiehs be ~~, Po ee ce Ut pe na ~~ Py enn t ge 
a pw ~ aN Nien Tt yd Nias Sei ridges mp nine Stp-vnetenand ee intel iO Uidichedidinc tech seetamect dee ee ee ~~ ean ene arewe tb npipaperinatgan hee goon ~ ER et FE att yn naga) ee —- Me nw panlrnd mem ad 
Aare rin-trsiys Sn IN aig re, ageeg whos, wince rn er ee tae abe hee parthiogns nhs carat, gpltmpacarey iO anid _ Oe pg Sa Oy Sy tl dh yin ples. mR Ln ree ¥ 
FAS ESS Se Or ent oe Mteinadiie che ee ae SO A i yee Wy Silicd Retest hh eee eyo, wae Aetna ee ~ ~~ Ts —— wane nd we ¥ wm Wen ae er re agen ~ ae we 5, ss Pa Wty we be goue ¥ 
iene bye pinta, FEN As re entree \Mpaegn Wom hatnge =e helipad enn ee ee -* Wats am “A pater aliaetny “Nw men ee a needy he Ay we .e Fe 7 
“re Ne 8 oe et le asda ag VET Wahi. , Antes ~~ — pi OP et nga ation yat dui sgn ng gue 7 Ne Ale gr —- w 
tibbedetivatensmadne ee er eirarrrhnat errr tie wie arena rer Sure aR foe Sea tn ~ nairhbelid-Gheeh dan an ne ne eal Sadie Boe whepd ty “~ etatondes ~ 
-thtihelip apie ame St i-th Sheahan tetera eee ant hint ert ew apandosintn eaerenw w * 
shanti ih dies pee ae a Oe wee “ . AM egg 4 ees « 
— “= wet pote wa ten by 
er eny : wand 
ous wiwe We _— - q a - 
- ~ a ~~ 
. — ae - v 
* ~ a 
. - . 


eek beh Peter nettle aetna | eee ray" 98 8 : 
bmeiied 


